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Abstract
Bosma, Andrew Herman, M.A., December 1993 Zoology
Foraging Site Selection by Insectivorous Forest Birds in 
Western Montana.
Director: Richard L. Hutto
During the summers of 1986-1988, I recorded the foraging 
locations of birds in a mixed conifer forest. Each tree on 
the site was numbered, allowing me to tally which individual 
trees were used by insectivorous birds. I recorded tree 
species, tree size (dbh), estimated insect frass fall for 
the most frequently used trees and a randomly selected set 
of trees. I also examined the influence of potential 
competitors on the four focal species by counting the number 
of times a given tree was used by individuals of other 
species. These data were analyzed to determine which the 
four factors most influenced foraging site selection. 
Foraging site selection was not dependent upon the presence 
of competitors, nor did food abundance have a clear 
influence on foraging site selection. Tree species did 
influence foraging site selection, as the birds foraged in 
ponderosa pine more frequently than expected.
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INTRODUCTION
The origin and maintenance of differences in resource 
use by bird species have been the subject of much discussion 
among ecologists. One mechanism that may account for 
observed differences in resource use is interspecific 
competition, still thought by many to be the predominant 
cause of resource partitioning. Recently, however, the 
importance of interspecific competition in resource 
partitioning has been questioned, and two extreme views have 
emerged. At one end of the spectrum is the view that 
interspecific competition has played a major role in 
resource partitioning (MacArthur 1958, Diamond 1978, Alatalo 
et al. 1986). At the other end of the spectrum is the view 
that interspecific competition occurs infrequently, and so 
exerts little influence on patterns of resource use 
(Rotenberry 1980, Wiens 1983, Simberloff 1984). In the 
latter case, factors such as the physical environment 
(Sturman 1968, Collins et al. 1982, James et al. 1984, Craig
1985), or even geologic events (Morrison 1981, Sabo and 
Holmes 1983) are thought to be important in determining 
patterns of resource use.
Competition is thought to enhance existing differences 
in resource use among species through the following
1
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mechanism: when two species use the same resource, those 
individuals most alike in their resource use will depress 
each other’s resources to lower levels than those 
individuals whose resource use is most dissimilar. If the 
resource depression lowers the reproductive output or 
survival of the most similar individuals, they will leave 
proportionately fewer offspring than the dissimilar 
individuals. Thus over time differences in resource use 
between the two species will increase, because the next 
generation will contain a relatively greater number of 
dissimilar individuals (Murray 1986).
To show that competition is operating, and 
evolutionarily important, two conditions must be met: 
potential competitors must depress the resources available 
to one another (Martin 1986, Murray 1986), and changes in 
resource abundance must influence fitness (Martin 1986, 
Gustafsson 1987). Although there appear to be no studies 
addressing both conditions simultaneously, there is evidence 
that at least one of these conditions is met in many 
communities.
Food is often considered a critical resource for birds, 
and patterns of food abundance are thought to be major 
influences on avian community structure (MacArthur 1972, 
Dunning and Brown 1982, Hutto 1985, Martin 1986). There are
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
numerous field studies revealing that birds are able to 
depress food abundance. For example, studies of 
insectivorous birds in spruce-fir forests of Maine and New 
Hampshire showed that the birds consumed about 84% of the 
spruce budworm larvae and pupae in areas where spruce 
budworm densities were low, and about 22% of the larvae and 
pupae at intermediate densities (Crawford et al. 1983, 
Crawford and Jennings 1989). In exclosure experiments, 
deciduous forest birds significantly decreased the levels of 
lepidopteran larvae on forest understory vegetation (Holmes 
et al. 1979), and Golden Plovers significantly depressed 
lumbricid populations (Bengston et al. 1975). Other studies 
have shown that overwintering populations of moth larvae 
(Solomon et al. 1976, Solomon and Glen 1979) and spiders 
(Askenmo et al. 1977, Gunnarsson 1983) are reduced by birds.
The effects of such depression of foo($ abundance on 
fitness are less clear, however. Some researchers argue 
that food is superabundant during most breeding seasons, 
when most competition studies are performed, so birds are 
unlikely to be resource limited at this time (Wiens 
1974,1977,1983; Rotenberry 1980b). Rotenberry (1980) 
estimated that birds consumed less than 0.07% of the insect 
standing crop per day during the breeding season. Sullivan 
(1989) found the major cause of mortality for recently 
fledged Yellow-eyed Juncos was starvation; however, adult
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Juncos gained weight during the period when juvenile juncos 
experienced the highest mortality. Lack of foraging 
experience, rather than scarcity of food per se appears to 
be the reason juveniles starve while adults gain weight.
Other studies suggest that food abundance does 
influence fitness. In a survey of supplemental feeding 
experiments, Martin (1987) found that in seven of the ten 
experiments, bird species receiving food supplements had 
larger clutches and greater reproductive success than birds 
receiving no supplemental food. In another study. Collared 
Flycatchers on experimental plots (where Great and Blue Tits 
were removed) fledged more and heavier young than Collared 
Flycatchers on control plots (Gustafsson 1987). Increased 
access to food was thought to be the reason Collared 
Flycatchers on experimental plots were more successful.
Thus, while the importance of food abundance varies among 
ecological systems, there are undoubtedly instances where it 
influences the fitness of individuals.
If both conditions for competition are met, I would 
expect long-term changes in resource partitioning as 
predicted by the model, and I would also expect more 
immediate behavioral changes by the organisms. Birds are 
known to be sensitive to resource abundance, foraging in 
areas of greatest food abundance (Rolad et al. 1986),
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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foraging at times of greatest food availability (Hutto 
1981), or foraging upon more abundant food types (Grant and 
Grant 1980). Moreover, the foraging behavior of individual 
birds is often quite plastic, with individuals altering 
their foraging behavior seasonally and annually (Morse 1971, 
Grant and Grant 1980, Martin and Karr 1990). Thus, as 
resource abundances are depressed we might expect changes in 
an organism's time budget (Charnov et al. 1976), its habitat 
selection, or its foraging behavior (Diamond 1978, Martin
1986).
For example, when a species expands its behavioral 
repertoire in response to a changed resource distribution 
upon the removal of a competitor, the change in behavior is 
called a "niche shift" (Cody 1974, Diamond 1978, Alatalo et 
al. 1985). Experimental evidence exists for niche shifts in 
birds (Alatalo et al. 1985, Alatalo et al. 1987). In 
addition there is an abundance of comparative evidence for 
niche shifts in birds (Lack 1971, Diamond 1978, Sherry 1979, 
Robinson 1981).
In general, the field studies that examine the 
behavioral responses to competition compare the average 
behaviors of two populations. One population is in an area 
where a purported competitor is absent through either an 
experimental removal or a "natural" removal, where the
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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competitor is absent by chance alone. The second population 
(a "control” population) is in an area where the potential 
competitor is present. Behavioral observations for each of 
the two populations are collected, and then analyzed to see 
if the average behaviors of the populations differ. A major 
shortcoming of this method is that the population average is 
not an adequate measure of the behaviors of the individuals 
in the population. Some of the individuals in the control 
population may not even have competitors in their home range 
due to the naturally patchy distribution of territories, so 
these individuals might not be expected to exhibit any 
changes in behavior. In addition, the individuals that have 
competitors on their territories may not have competitors 
throughout the territory; rather, there might be areas where 
that competitor is absent and other areas where that 
competitor is present. These individuals might be expected 
to vary their behaviors within their home range according to 
the locally varying species composition. Examining 
population averages obscures individual level responses to 
competition, and it is at the individual level that the 
mechanisms of competition lie. Thus, as Martin (1986) 
suggested, we need to see if "individuals modify their ... 
behavior relative to the local composition of species within 
their territories."
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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This study's objective was to determine if birds 
respond to the variable presence of potential competitors in 
their territories by using different foraging behaviors in 
trees that competitors also use versus trees that 
competitors do not use. Instead of comparing the average 
foraging behaviors of different bird populations, I examined 
foraging behaviors of individuals within a population. I 
predicted that the average foraging site selection of a 
given species would differ between trees in which potential 
competitors foraged and trees in which no potential 
competitors foraged. These behavioral changes, if driven by 
competition, should result in reduced overlap in foraging 
sites used by both species. I also predicted that if 
competition was important there should be evidence of 
resource depression.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
STUDY SITE
I observed birds on a 5-ha study site located in a 
mixed stand of ponderosa pine (Pinus ponderosa) and 
Douglas-fir (Pseudotsuqa menziesii). The study site was 
located on United States Forest Service land in Pattee 
Canyon, 8 km southeast of Missoula, Montana. The study site 
and surrounding area were once part of the Fort Missoula 
timber reserve. The U.S. Array established the timber 
reserve in the 1870's to provide building material and fuel 
for Fort Missoula. Later the University of Montana's School 
of Forestry used the area as an experimental forest (Habeck, 
pers. comm.). The site had been logged, but none of the 
logging appeared to be recent.
The composition of Pattee Canyon's vegetation has 
changed since the settling of the Missoula valley (Habeck 
1985). Prior to the arrival of European settlers, frequent 
low-intensity wildfires apparently maintained an open-canopy 
conifer community. After European settlers arrived, the 
frequency of wildfires was reduced, and young conifers (in 
particular, Douglas-fir) normally killed by wildfires 
survived to close the forest canopy. The study site's 
original open-canopy ponderosa pine stand has shifted toward
8
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a closed canopy mixture of ponderosa pine and Douglas-fir 
over the last century.
This particular study site provided a unique 
opportunity for the study of competition, because 96% of the 
arthropod biomass in nearby Douglas-fir forests had been 
shown to be western spruce budworm (Hutto 1990). Moreover, 
stomach content analyses suggest that western mixed conifer 
forest birds depend heavily on spruce budworm as a food 
source (Garton 1980, Torgensen and Campbell 1982). An avian 
community that apparently relies heavily on a single food 
source is ideal for a study examining the influences of 
competition of foraging site selection for two reasons: (1) 
the birds can reduce competition only by modifying their 
foraging site (as opposed to food type) selection, and (2) 
food availability should be relatively easy to measure 
because the birds use essentially a single food type during 
this time of year.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
METHODS
Foraging data collection
During the summer of 1986 the study site was mapped and 
the location of each tree with a dbh greater than 10 cm was 
recorded. A numbered metal identification tag was nailed to 
each tree. From mid June to late July of 1986, 1987, and 
1988, an assistant or I recorded the following information 
for each bird observed: time of the observation, species, 
sex, social context (alone, with one other bird (presumably 
its mate), or in a flock), activity (feeding, singing, 
calling, perching), relative height of the bird (height of 
bird in tree as a percentage of the tree's height), 
horizontal position of the bird (trunk, inner unvegetated 
portion of the canopy, outer portion of the canopy with new 
vegetation), substrate, if appropriate (branch, leaf, 
trunk), and number of the tree in which the bird was 
observed. Data collection began between 0630 and 0730 and 
continued until the entire plot was covered. Data 
collection ended between 0930 and 1100 depending on starting 
time and bird activity. No data were collected after 1131.
10
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The path walked by the observer varied systematically 
from day to day, but upon completion of a day’s data 
collection no tree was ever more than 20 paces from the 
path. Four to eight different starting points were used to 
reduce biases due to changes in activity during the period 
of observation. For the first two years of the study one of 
the study site's four corners served as the starting point 
for the day's observations. Each corner served as the 
starting point every fourth day, and the order of the 
starting points was fixed throughout a field season. At the 
beginning of the day the observer stood at the appropriate 
starting point, and walked along a line parallel to the
plot's border. This first pass through the study plot was
20 m from the border. Upon reaching the other side the 
observer walked about 20 m further from the starting border,
and walked back through the plot. After crossing the plot a
second time the observer turned again, so that an s-shaped 
path was followed through the site. Observations ceased 
when the entire study site had been covered. When the first 
cycle through the starting points was finished, the observer 
completed the next cycle with the across-plot paths 
perpendicular to those of the preceding cycle. The starting 
direction was alternated each time a cycle through the four 
starting points was completed.
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During the last year of the study, four additional 
starting points were added to remove a potential source of 
bias created by using the corners as starting points. When 
the corners of the site were the sole starting points, the 
area in the center of the site was always observed midway 
through the observation period. The four new starting 
points were located in positions that caused the outer edges 
of the study site to be observed midway through the 
observation period. The new starting points were located on 
the edges of the study site midway between the corners. The 
observer walked through the study site on a path 
perpendicular to the side of the site on which the starting 
point was located. The observer turned to the right upon 
reaching the opposite side of the study site, and followed 
the same s-shaped path as was previously described. When 
the half of the study site to the right of the starting 
point was covered, the observer moved to the far side of the 
study site, and then observed the other half of the study 
site.
While recording foraging observations, the observer 
moved slowly and quietly through the study site, stopping 
for a few moments approximately every 20 paces. We stopped 
periodically to reduce disturbance to the foraging birds, 
because large unmoving figure on the forest floor is 
probably less likely to interrupt the normal foraging
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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activity of a bird than a large moving figure. The frequent 
halts also helped the observer spot birds, because the 
observer could devote all their attention to scanning the 
canopy for foraging birds.
Foraging data analysis
For each of the focal species whose foraging behavior 
was analyzed/ I used the following procedure to classify the 
trees in which the focal species foraged as either used or 
unused by a competing species : I grouped the foraging data
from the focal species by year, and for a given tree in a 
given year for each competing species I assigned a value of 
zero to a variable if that species was never observed 
foraging in that tree. I assigned a value of one to the 
variable if the competing species was observed foraging in 
that tree. I repeated this procedure for each of the three 
years and for each potential competitor species, creating a 
new variable for each potential competitor species. When 
this procedure was complete I combined the data from the 
three years. Each species for which I had a sufficient 
number of foraging observations served as a focal species 
once, and as a potential competitor for all other species 
whose foraging behavior was examined.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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I used loglinear analyses to determine if foraging site 
selection by the focal species differed between trees that 
were used by a potential competing species versus trees that 
were not used by that potential competing species (A more 
comprehensive explanation of this analytical tool is 
provided in Appendix A). If results from the loglinear 
models indicated that the focal species responded to the 
presence of a competitor, I compared foraging site selection 
using
^ x y ^
as an index of overlap (Hurlbert 1978). I calculated 
overlap in foraging site selection for mutually used trees, 
and I calculated overlap in foraging site selection for 
trees used by only one of the two species.
In addition to the paired tests for competition, I 
examined the influence of diffuse competition on foraging 
site selection. I created a single variable for each tree 
in which a focal species foraged and assigned a value of 1 
to that variable if an individual of any other species had 
been observed foraging in that tree. The competition 
variable was assigned a value of 0 if no potential
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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competitors had been observed foraging in that tree. I then 
used loglinear analyses to determine of foraging site 
selection was related to the presence of the potential 
competitors.
Frass data collection and analysis
Budworm abundances in a sample of trees were monitored 
over the course the 1988 field season to obtain a measure of 
within-season change in resource abundance. Two groups of 
trees were examined: a set of randomly selected trees, and a 
set of trees that were frequently used as foraging sites. 
Frass-drop was used as an index of insect abundance 
(Southwood 1978). Frass was collected by placing four 14 cm 
diameter cups underneath a tree to be sampled. The cups 
were placed midway between the center of the foliage and the 
edge of the foliage. One cup was placed on each of the 
cardinal directions. The counts were standardized to 
account for differences in the foliage volumes of the trees 
being sampled. I recorded the foliage volume, dbh, and 
species of the trees whose budworm abundance was monitored.
An analysis of covariance (ANCOVA) was used to examine 
the variance in budworm frass counts, with standardized 
frass weight as the dependent variable, sampling group and 
tree species the independent variables, and sampling week
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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the covariate. A second ANCOVA was run using the 
unstandardized frass weight as the dependent variable, and 
the same independent variables and covariate as the first 
analysis. I tested the analysis of covariance assumption of 
parallel slopes of the regression lines for the treatment 
groups with an analysis of variance (ANOVA). In this ANOVA 
sampling week was entered as a factorial independent 
variable, rather than as a covariate. If there were no 
significant interactions between sampling week and the other 
independent variables, I assumed that the regression lines 
in the ANCOVA were parallel.
Vegetation data collection and analysis
I examined tree species selection, and tree size 
selection for each of the bird species whose foraging 
behavior I examined in detail. For each species, I randomly 
sampled 20 trees in which that species foraged, and I 
recorded dbh and species of the trees. I also recorded 
similar data for a sample of 38 randomly selected trees. I 
compared the basal areas of the sampled trees using an 
ANOVA, and I examined the tree species selection of the 
foraging birds with a Pearson chi-square.
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RESULTS
Avian community
I detected twenty-four bird species and recorded 1312 
foraging observations on the study site during the three 
field seasons. The number of bird species observed foraging 
and the number of foraging observations collected were 
highest in 1986 when 513 observations were collected from 21 
species. The number of species observed foraging on the 
study site dropped to 16 in 1987 and 12 in 1988. The number 
of foraging observations gathered during the last two years 
were similar. Four hundred foraging observations were 
collected in 1987, and 399 observations were collected in 
1988.
The four most abundant species on the study area were 
Gray Jay, Yellow-rumped Warbler, Western Tanager, and 
Chipping Sparrow. These four species accounted for 63.2 % 
(range = 49.8 - 78.5) of the foraging observations over the 
three field seasons. Data from these four species were used 
in the analyses of foraging behavior. Foraging data from 
the remaining species were not examined because of minimum 
cell count constraints imposed by the loglinear analysis.
17
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Foraging site selection
Most foraging observations of the four focal species 
came from the upper two thirds of the trees (Table 1), and 
in the outer portions of the canopy (Table 2). In fact, no 
fewer than 87% of the foraging observations of Gray Jays, 
Yellow-rumped Warblers, and Western Tanagers were in the 
upper portions of the trees; these species spent very little 
time foraging on the ground or in the lower portions of the 
trees. Chipping Sparrows were the sole exception with 25% 
of their foraging observations on the ground, but even then, 
70% of their observations were in the upper portions of the 
canopy. Chipping Sparrows, like the other three species, 
seldom foraged in the lower portions of the trees.
The mean relative heights of foraging sites selected by 
the four focal species were significantly different (Figure 
1). Chipping Sparrows used the lowest foraging sites, while 
the remaining three species foraged at similar relative 
heights. The horizontal position of foraging sites (which 
is measure of distance from the bole of the tree) selected 
by the four species also differed significantly (Table 3). 
Gray Jays foraged nearest the bole. Western Tanagers and 
Chipping Sparrows foraged in positions furthest from the 
bole, while Yellow-rumped Warblers foraged in positions 
intermediate to Gray Jays and the other two species.
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Table 1. Number (percent) of foraging observations in each of fourrelative height•categories for the four focal species.
height category
bird species ground lower third of canopy
middle third 
of canopy
upper third 
of canopy
Gray Jay 6(5.0) 10(8.3) 39(32.5) 65(54.2)
Yellow-rumpedWarbler
4(2.3) 8(4.7) 57(33.1) 103(59.9)
Western Tanager 13(5.6) 11(4.8) 65(28.1) 142(61.5)
Chipping Sparrow 76(24.8) 15(4.9) 68(22.2) 147(48.0)
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Table 2. Number (percent) of foraging observations in each of fourhorizontal positions for the four focal species.
horizontal position
bird species ground near bole midway out outer edge
Gray Jay 6(5.0) 14(11.7) 81(67.5) 19(15.8)
Yellow-rumpedWarbler 4(2.3) 8(4.7) 99(57.6)
61(35.5)
Western Tanager 13(5.6) 7(3.0) 148(64.1) 63(27.3)
Chipping Sparrow 76(24.8) 5(1.6) 110(35.9) 115(37.6)
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Figure 1. Distribution of the relative heights of foraging sites for 
the four focal species. (Quartiles, 5 and 95 percentiles are 
displayed)
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Table 3. Mean horizontal position of foraging observations
for the four focal birds species.
bird species
horizontal
X
position*
S
Gray Jay 2.04 0.05
Yellow-rumped Warbler 2.32 0.04
Western Tanager 2.56 0.03
Chipping Sparrow 2.48 0.04
K-W oneway ANOVA = 48.9
near bole coded 1.0, midway out coded 2.0, outer edge 3.0, 
and ground observations were excluded.
p << 0.001
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The patterns of foraging site selection that emerge 
when the data are summed across the three field seasons are 
somewhat misleading because foraging site selection differed 
significantly among years for two of the four species. The 
mean relative height of Gray Jay (Figure 2) and Chipping 
Sparrow (Figure 3) foraging sites differed significantly 
among years. The mean height at which Gray Jays foraged was 
greatest in 1988, and was roughly equal in 1986 and 1987.
The mean relative height of Chipping Sparrow foraging 
observations was greatest in 1986 and it decreased in each 
subsequent year. The mean horizontal position of the non­
ground foraging observations also differed significantly 
between years for Chipping Sparrows. Chipping Sparrows 
foraged nearest the trunk in 1986, and furthest from the 
trunk in 1987 (Table 4). The mean relative height and 
horizontal position of Yellow-rumped Warbler and Western 
Tanager foraging observations did not differ significantly 
between years.
The mean relative foraging height of Western Tanager 
(Figure 4) and Yellow-rumped Warblers (Figure 5) were not 
significantly different among years. There were no 
significant differences in the foraging site position among 
years for Gray Jays, Western Tanagers or Yellow-rumped 
Warblers.
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Figure 2. Distribution of the relative height of Gray Jay foraging 
sites in each of the three field seasons. (Quartiles, 5 and 95 
percentiles are displayed)
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Figure 3. Distribution of the relative height of Chipping Sparrow 
foraging sites in each of the three field seasons. (Quartlies, 5 and
95 percentiles are displayed)
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Table 4. Mean horizontal^positions of foraging observations in each of the three field seasons.
year
1986 1987 1988
A;bird species x SE x SE x SE p
Gray Jay 1.9 0.14 2.0 0.07 2.1 0.08 .568
Yellow-rumped Warbler 2.3 0.06 2.4 0.12 2.4 0.08 .315
Western Tanager 2.3 0.08 2.5 0.05 2.2 0.06 .801
Chipping Sparrow 2.3 0.5 2.6 0.07 2.5 0.06 .011
Kruskal-Wallace oneway ANOVA
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Figure 4. Distribution of the relative height of Western Tanager 
foraging sites in each of the three field seasons. (Quartiles, 5 and 
95 percentiles are displayed)
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Figure 5. Distribution of the relative height of Yellow-rumped Warbler 
foraging sites in each of the three field seasons. (Quartiles, 5 and 
95 percentiles are displayed)
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Loglinear analysis further illustrates that foraging 
site selection varies among species and year, as full 
loglinear models were required to adequately describe the 
relationships between the response variables (relative 
height and horizontal position) used to measured foraging 
site selection, and the explanatory variables (bird species 
and year). This suggests that foraging site selection is 
dependent upon bird species and year.
Competitors and foraging site selection
The loglinear analysis used to examine the
relationship between the presence of other species and 
relative height (Table 5), and position (Table 6) of Western 
Tanagers produced final loglinear models that incorporated 
no interaction u-terms. According to these models, foraging 
site selection by the Western Tanager was not influenced by
the presence of other species. Foraging site selection by
Yellow-rumped Warblers was also independent of the presence 
of other species, as the loglinear models chosen to describe 
the relationship between the presence of competitors and 
relative height (Table 5), and horizontal position (Table 
6), included no interaction u-terms.
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Table 5. Final loglinear models for the analyses examining 
the relationship between relative foraging height and 
potential competitors.*
species : 
u-terms fitted Q: df p-value
Gray jay;
[r] [y] [c] [re] 0.91 3 .824
Yellow-rumped warbler: 
[r] [g] [w] [c] 11.34 25 .880
Western tanager: 
[r] [g] [y) [c] 19.00 25 .797
Chipping Sparrow:
[r] [g] [y] [w] [ry]
a* ■ . # -i ....
10.40 16 .845
(g), yellow-rumped warbler (y), western tanager (w), and 
chipping sparrow (c).
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
31
Table 6. Final loglinear models for the analyses examining 
the relationship between horizontal foraging position and 
potential competitors."
species : 
u-terms fitted df p-value
Gray jay;
[p] [y] [c] 1.85 7 .968
Yellow-rumped warbler:
[p] [g] [w] [c] 12.33 17 .780
Western tanager:
[p] [g] lY] [c] 18.99 17 .329
Chipping Sparrow:
tPl tg) [y] [w] 15.71 18 .613
yellow-rumped warbler (y), western tanager (w), and chipping 
sparrow (c ).
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The horizontal position of foraging sites selected by 
Chipping Sparrows was not dependent upon the presence of any 
other species (Table 6). The relative height of the 
foraging sites selected by Chipping Sparrows was
independent of the presence of Gray Jays and Western
Tanagers, but it was dependent on the presence of 
Yellow-rumped Warblers (Table 5). chipping Sparrows foraged 
on the ground and in the lower third of the foliage of trees 
also used by Yellow-rumped Warblers less frequently than 
would be expected if they foraged independently of the 
presence of Yellow-rumped Warblers (Table 7). Similarly, 
Chipping Sparrows foraged more frequently than expected in 
the upper two thirds of the foliage in trees used by Yellow- 
rumped Warblers. Overlap between Chipping Sparrow and 
Yellow-rumped Warbler foraging sites was higher in the 
mutually used trees (I = 2.00) than it was in the trees used
by only one of the two species (I = 1.46) (Figure 6). Thus,
in trees used by both species. Chipping Sparrows do not 
avoid those portions of the tree used by Yellow-rumped 
Warblers.
Gray Jays had the lowest total number of foraging 
observations of the four species whose behavior was 
analyzed. When the presence/absence data from the three 
potential competitors were used in analyses of foraging site
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Table 7. Parameter estimates for the interaction u-term [ry] from the loglinear model describing the relationship between the presence of Yellow-rumped Warblers and the relative height of Chipping Sparrow foraging sites.
yellow-rumpedwarbler relative
height
use ground lower middle upper
absent 5.05 3.84 -4.65 -4.24
present -5.05 -3.84 4.65 4.24
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Figure 6. Relative foraging height and overlap in foraging site 
selection (I) in trees used by both Chipping Sparrows and Yellow-rumped 
Warblers (upper histogram), and relative foraging height and overlap in 
trees used by only one of the two species (lower histogram).
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selection by Gray Jays, the average cell count fell below 
the suggested minimum of four to five. Rather than 
eliminating Gray Jays from all the analyses of foraging 
behavior, I removed the presence/absence data of one 
potential competitor from the analyses of Gray Jay foraging 
behavior. Reducing the number of potential competitors in 
the analysis to two species increased the average cell count 
to 7.5. I chose to eliminate the Western Tanager data from 
the analyses of Gray Jay foraging site selection because the 
previous analyses suggested that Western Tanagers neither 
influenced the foraging site selection of Chipping Sparrows 
or Yellow-rumped Warblers nor did their foraging site 
selection appear to be influenced by the presence of other 
species.
The horizontal position (Table 6) of the foraging sites 
chosen by Gray Jays was independent of the presence of 
potential competitors. The relative height (Table 5) at 
which Gray Jays foraged was not dependent on the presence of 
Yellow-rumped Warblers; however, it was dependent of the 
presence of Chipping Sparrows. Gray Jays were more likely 
to forage on the ground and in the upper third of the 
foliage in trees that were also used by Chipping Sparrows, 
and they were more likely to use the lower two-thirds of the 
foliage in trees that were not used by Chipping Sparrows 
(Table 8). Overlap in foraging height selection between
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Table 8. Parameter estimates for the interaction u-term (re] from 
the loglinear model describing the relationship between Gray Jay foraging height and the presence of potential competitors.
Chippingsparrow relative heightuse ground lower middle upper
absent —4. 60 4.29 4.57 -4,26
present 4.60 -4.29 -4.57 4.26
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Chipping Sparrows and Gray Jays was higher in trees used by 
both species (I = 2.17) than in the trees that were not used 
mutually (I = 1.37) (Figure 7).
The relative height and horizontal position of foraging 
sites selected by the four focal species foraging sites were 
independent of the presence of competitors in the diffuse 
competition analysis (Table 9). The single interaction u- 
term remaining in the loglinear model describing Chipping 
Sparrow foraging behavior indicates that the relative height 
and horizontal position of their foraging sites are not 
independent.
Frass and foraging site selection
Frass weights generally increased through the sampling 
period, and when frass weights declined they never fell 
below initial levels. The standardized mean weight of frass 
collected under Douglas-fir increased in the second and 
third weeks of sampling. The mean weight of the frass 
collected under frequently used Douglas-fir was lower than 
the mean weight of the frass collected from the randomly 
selected trees. The standardized mean weight of the frass 
collected from ponderosa pine increased in the second week, 
and decreased slightly in the third week. Again, the mean
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Figure 7. Relative foraging height and overlap in foraging site selection (I) in trees used by both Chipping Sparrows and Gray Jays 
(upper histogram), and relative foraging height and overlap in trees 
used by only one to the two species (lower histogram).
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Table 9. Final loglinear models for the analyses examining 
the relationship between relative foraging height, ^
horizontal foraging position, and potential competitors.*
species : 
u-terms fitted df p-value
Gray jay: 
[r] [p] [c] 5.998 12 .917
Yellow-rumped warbler: 
[r] [p] [c] 14.421 12 .275
Western tanager: 
[r] [p] [c] 11.263 12 .507
Chipping Sparrow: 
[r] [p] [c] [rp] 10.752 8 .216
variable abbreviations are: relative height (r), 
horizontal position (p), competitor (c).
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weight of the frass collected from the frequently used trees 
was lower than the mean weight of the frass collected from 
the randomly selected trees.
The effect of time of season on the weight of the frass
collected was significant, as the regression of the
covariate "sampling week" with frass weight in the analysis 
of covariance was significant (Table 10). The slopes of the 
regression lines in the analysis of covariance were parallel 
(Table 11), suggesting that the insectivorous birds were not 
depressing the abundance of spruce budworm in heavily used 
trees. The standardized mean weights of the frass collected 
from Douglas-fir and ponderosa pine did not differ 
significantly, but they did differ significantly between 
randomly selected trees and the frequently used trees (Table 
10). The standardized mean weight of frass collected from 
frequently used trees was lower than the standardized mean 
weight of the frass collected from the randomly selected 
trees (Figure 8).
When an ANCOVA was run using unstandardized frass
weight as the dependent variable, the mean frass weights of
the randomly selected trees and the frequently used trees 
were not significantly different (Table 12). Rather, the 
mean weight of the frass collected from ponderosa pine was 
significantly greater than the mean weight of the frass
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Table 10. Analysis of covariance for standardized frass weights.
Source of Variation Sum ot Squares df MeanSquare F
Srg of F
Main Effects 2.798 3 .933 7.245 .000
GROUP 1.550 1 1.550 12.039 .001SPECIES .347 1 .347 2.696 .105WEEK (covar) 1.884 1 1.884 14.631 .000
2-Way Interactions .049 1 .049 .380 .539
GROUP SPECIES .049 1 .049 .380 .539
Explained 2.847 4 .712 5.529 .001Residual 8.755 68 .129Total 11.602 72 .161
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Table 11. Analysis of variance testing the assumption of parallelslopes for regressions in the analysis of covariance of the standardizedfrass weights.
source of Variation ■"STS'"" DP MS F ■ sig. Of
WITHIN+RESIDUAL 8.44 65 .13GROUP .01 1 .01 .05 .817WEEK .26 1 .26 1.96 .166SPECIES .15 1 .15 1.19 .279GROUP BY WEEK .15 1 .15 1.15 .288GROUP BY SPECIES .02 1 .02 .17 .680WEEK BY SPECIES .08 1 .08 .64 .426GROUP BY WEEK BY SPECIES .04 1 .04 .28 .601
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Figure 8. Mean standardised weight of frass collected from trees in the 
two use categories in each of the three sampling weeks. Bars indicate 
standard errors.
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Table 12. Analysis of covariance for the unstandardized frass weights,
Source of Variation sum Of Squares DF ..Mean...Square F
Sig of F
Main Effects 2.737 3 .912 6.700 .000
GROUP .186 1 .186 1.367 .246SPECIES .777 1 .777 5.709 .020WEEK (Covariate) 1.884 1 1.884 13.835 .000
2-Way Interactions .001 1 .001 .006 .939
GROUP SPECIES .001 1 .001 .006 .939
Explained 2.737 4 .684 5.026 .001Residual 9.259 68 .136
Total 11.996 72 .167
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collected from the Douglas-fir (Figure 9). This differed 
from the ANOVA of the standardized frass weights in that the 
effect of "species" rather than "frequency of use" was 
significant. The affect of the covariate "sampling week" 
remained significant, and the slopes of the regression lines 
are parallel (Table 13).
Vegetation and foraging site selection
Douglas-fir and ponderosa pine were the only tree 
species found on the study site. Douglas-fir comprised 
about 82% of the individuals with ponderosa pine accounting 
for the remaining 18%. By basal area, Douglas-fir accounted 
for 78% of the trees and ponderosa pine accounted for 22% 
percent of the trees.
During the summer of 1989 Chipping Sparrows, Western 
Tanagers, and Yellow-rumped Warblers foraged in ponderosa 
pine more often than expected on the basis of the proportion 
of the ponderosa pine on the study site (Table 14). The 
proportion of ponderosa pine in the sample of trees used by 
foraging birds ranged from 57.8% for Chipping Sparrows to 
90% for Yellow-rumped Warblers, whereas the proportion of 
ponderosa pine on the site was about 18%. Gray Jays used 
tree species in proportion to their abundance on the study 
site.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
46
3.0
♦  D o u g la s -f ir  
■  Ponderosa P ine
o  2.8
bfl 2 .6s
B 2.4
4-)
W  2.2
0)
cn 2 . 0
cncdkk  1.6
<D
.5 1.6
1,4
S 1.2
5
1.0 2
Week
Figure 9. Mean unstandardized weight of frass collected from trees in 
the two use categories in each of the three sampling weeks. Bars indicate standard errors.
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Table 13- Analysis of variance testing the assumption of parallel slopesfor the regressions in the analysis of covariance for unstandardizedfrass weights.
source Of Variation ■■ 5S DF MS .."T— Sig of F
WITHIN+RESIDUAL 8.94 65 .14GROUP .08 1 .08 .57 .452WEEK .26 1 .26 1.85 .178SPECIES .22 1 .22 1.64 .206GROUP BY WEEK .15 1 .15 1.08 .302GROUP BY SPECIES .04 1 .04 .31 .580WEEK BY SPECIES .08 1 .08 .60 .440GROUP BY WEEK BY SPECIES .04 1 .04 .26 .611
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
48
Table 14. Tree species selection by four focal species, based on 
observed and expected counts in each of the two tree species. Expected values were based on the observed proportion the two tree species in a random sample of trees.
bird species
treespecies count chippingsparrow grayjay
western
tanager
yellow-rumped warbler
observed 8 17 7 2Douglas-fir
expected 15.92 17.60 16.76 16.76
observed 11 4 13 18Ponderosa pine
expected 3.08 3.40 3.24 3.24
_ * *24.31 .13 35.08 80.24
significantly different at p 
not significantly different < .0005 at p > .05
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The mean basal area of the randomly selected trees and 
the trees used by the focal species were significantly 
different (Table 15). The mean basal area of trees selected 
as foraging sites by Chipping Sparrows/ Western Tanagers/ 
and Yellow-rumped Warblers was significantly larger than the 
mean basal area of the randomly sampled trees (Figure 10). 
The mean basal area of trees used by Gray Jays as foraging 
sites was not significantly different from the mean basal 
area of randomly sampled trees, nor was it significantly 
different from mean basal area of trees selected by the 
other three species. There were no differences in the mean 
basal areas of ponderosa pine and Douglas-fir used as 
foraging sites by the four bird species or the randomly 
sampled trees.
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Table 15. Analysis of variance on the means of the basal area of treesused by the focal species and the :random sample of trees.
Source of Variation Sum Of Squares DF
Mean
Square F
Sig of F
Main Effects 1.796 5 .359 5.303 .000TREE SPECIES .150 1 .150 2.215 .140BIRD SPECIES .979 4 .245 3.613 .008
2-Way Interactions .169 4 .042 .622 .648
TREE X BIRD SPECIES .169 4 .042 .622 .648
Explained 1.965 9 .218 3.223 .002Residual 7.247 107 .068
Total 9.212 116 .079
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Figure 10. Mean basal area of trees chosen as foraging sites by birds in 
1988, and the mean basal area of 20 randomly chosen trees. Bars 
indicate standard errors.
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DISCUSSION
General trends in foraging behavior
All studies of avian foraging site selection show that 
different bird species use distinctive portions of their 
habitat (MacArthur 1958, Cody 1974, Baida 1969, Holmes and 
Robinson 1981, Franzreb 1984, Alatalo et al. 1985), and in 
this regard the patterns of foraging site selection shown by 
the birds of Pattee Canyon are similar to those found in 
other studies. This study also shows that, at least for 
some species, foraging site selection varies annually (see 
also Hejl and Verner 1990, Miles 1990, Petit et al. 1990, 
Szaro et al 1990). Annual variation in foraging site 
selection is presumably a reflection of annual variation in 
the factors (i.e. competitors, food abundance, vegetation 
structure and composition) that influence foraging site 
selection within a given season.
Annual variation in foraging site selection is seldom 
discussed in studies of avian foraging site selection (but 
see Hejl and Verner 1990, Miles 1990, Petit et al. 1990, 
Szaro et al. 1990). This may be because researchers must 
assume there is no annual variation in foraging site
52
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selection to maintain adequate sample sizes for statistical 
testing; or studies may only encompass a single field 
season, and so a discussion of annual variation is beyond 
their reach. The types of questions ecologists have 
traditionally asked may also be another reason that 
variation in foraging site selection is often overlooked. 
Ecologists have generally been more concerned with 
differences in resource use between species, than the 
variation within a species.
Insect abundance and depression
For two reasons, the general increase in amount of 
frass collected through the sampling period should not be 
interpreted as evidence that insect abundance was increasing 
through the sampling period for two reasons. First, frass 
production is directly related to larval instars, with later 
instars dropping more frass(Pond 1961, Waldbauer 1964). 
Secondly, frass production is strongly and positively 
correlated with ambient temperature, although production 
does decrease at very high temperatures (Green and deFreitas 
1955, Pond 1961). The weather during the first week of 
frass sampling period was cool and wet, followed by much 
warmer weather during the following weeks. This increase in 
temperature over the sampling period is probably responsible 
for much of the increase in frass production
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The role insect abundance plays in this system is not 
clear, because estimates of insect abundance in the trees 
are dependent upon the scale at which they are measured. As 
the scale of measurement is changed, the apparent effects of 
insect abundance also change. Insect abundance was 
estimated as standardized frass weight (which is a measure 
of insect abundance per unit canopy volume) and as 
unstandardized frass weight (which is a measure of insect 
abundance per tree). Standardized frass weights suggest 
that the birds were foraging in trees with the lowest insect 
abundance, whereas unstandardized frass weights suggest 
that the birds were foraging in trees with the highest 
insect abundance.
Measures of insect abundance are generally expressed in 
terms of insects per gram foliage (Hutto 1987), insects per 
leaf or leaf cluster (Holmes and Schultze 1988, Rolad et al. 
1986), or as insects per unit leaf area (Holmes 1981), 
rather than the number of insects per tree. Intuitively, 
measuring insect abundance as a function of canopy volume, 
number of leaves, or leaf biomass makes the most sense 
(Franzreb 1978). However, it is not clear which scale of 
measurement (either insect abundance per unit canopy volume, 
or insect abundance per tree) best gauges the value of a 
tree to insectivorous birds (Hutto 1990).
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Insect abundance and foraging site selection
The standardized frass weights, which measure Insect 
abundance per unit canopy volume, suggest that insect 
abundance Is lowest in the sample of frequently used trees. 
This observation is consistent with exclosure experiments 
demonstrating the ability of birds to depress insect 
abundance (Holmes et al. 1979, Torgerson and Campbell 1982). 
However, resource depression does not appear to be the cause 
of decreased insect abundance in the frequently used trees, 
because there is no evidence that insect abundance in the 
frequently used trees is being depressed at a greater rate 
than in the sample of randomly selected trees. Thus, based 
on standardized frass weight, it would appear that the birds 
are selectively foraging in trees with the lowest insect 
abundance.
There are several possible explanations for the 
observation that birds are foraging in trees with the lowest 
insect abundance. Factors other than insect abundance may 
determine, or at least influence, foraging site selection, 
and the birds are foraging in trees with lower insect 
abundance because of those factors. The alternative factors 
could include predator avoidance and territorial defense. 
Another alternative explanation for this pattern may be the 
method used to choose the sample groups. The trees that had
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the highest number of foraging observations after the first 
two weeks of collecting foraging data were used as the 
sample of frequently used trees in subsequent frass 
sampling. The sample of frequently used may have had insect 
abundances similar to those in the randomly selected sample 
of trees at the beginning of the bird’s breeding season, but 
their insect abundance was then depressed below levels in 
the random sample of trees by foraging activity before frass 
sampling was begun. Thus, the observation that the birds 
are foraging in trees with the lowest insect abundance may 
be a sampling artifact.
If frass weight is not standardized by canopy volume, 
insect abundance in ponderosa pine appears to be higher than 
in Douglas-fir. This is an interesting result, because 
there are more ponderosa pine than expected in the sample of 
frequently used trees, and three of the four focal species 
preferentially foraged in ponderosa pine. This suggests 
that insect abundance may be influencing foraging site 
selection.
Vegetation and foraging site selection
Many ecological studies have demonstrated that bird 
sr^ecies selectively forage in some tree species, avoiding 
some species and favoring others (Holmes and Robinson 1981,
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Franzreb 1978, 1984, Airola and Barrett 1985). Three of the 
four focal species (Yellow-rumped Warbler, Western Tanager, 
and Chipping Sparrow) foraged disproportionately often in 
ponderosa pine, and avoided Douglas-fir. The fourth species 
(Gray Jay) used tree species in proportion to their relative 
abundance. Franzreb (1978) found that Yellow-rumped 
Warblers avoided ponderosa pine and favored Douglas-fir. 
Airola and Barrett (1985) found that Yellow-rumped warblers 
avoided ponderosa pine and Douglas-fir, while Western 
Tanagers exhibited no preference for ponderosa pine and only 
a slight preference for Douglas-fir, These studies from 
different geographic regions indicate that tree species use 
is not fixed within a species but, rather, it varies among 
communities. Tree species selection is probably determined 
by a suite of factors including species composition of the 
plant community (Franzreb 1978, Robinson and Holmes 1984), 
and insect abundance (Holmes and Schultze 1988, Morrison et 
al. 1985).
Food abundance is known to influence foraging behavior 
so that birds forage preferentially in individual trees 
(Rolad et al. 1986), and tree species (Airola and Barrett 
1985, Holmes and Schultze 1988) with the greatest food 
abundance. Given that Yellow-rumped Warblers, Chipping 
Sparrows, and Western Tanagers foraged in ponderosa pine 
more frequently that expected, and given the evidence that
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insect abundance was greatest in ponderosa pines, tree 
species selection by these three species is consistent with 
the idea that food abundance is influencing their foraging 
site selection.
Tree species selection by the Gray Jay does not appear 
to be influenced by food abundance, as they exhibited no 
tree species preferences. Gray Jays tended to forage in 
small flocks over much larger areas than the other focal 
species, and so they may not have been sufficiently familiar 
with the site to identify trees with the highest insect 
abundance. If they were less familiar with the site, they 
may have used tree species randomly.
Competitors and foraging site selection
I predicted that if the insect abundance in frequently 
used trees was being depressed more rapidly than the insect 
abundance of randomly selected trees, then the foraging 
behavior of the birds could be expected to differ between 
the two groups of trees. It is important to note that the 
competitively induced changes in behavior I predicted depend 
upon the seasonal rate of resource depression being greater 
in the frequently used than in the randomly selected trees, 
and not upon on equal reduction of insect abundance in all 
trees across the site. If insect abundance on the site was
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significantly depressed, but insect abundance in the 
frequently used trees was not depressed to a greater degree 
than insect abundance in the randomly selected trees then I 
would not expect the foraging behaviors of the birds to 
differ between the two groups of trees. Therefore, since 
frass sampling showed that there was no differential 
lowering of insect abundance in the frequently used trees, I 
would not expect the birds to be influenced by potential 
competitors in the manner predicted.
The presence of interaction u-terms relating a foraging 
variable to the presence of a competitor in the final 
loglinear models indicates that competition may be 
occurring. The initial loglinear models included 22 of 
these two-way interaction terms. When the model selection 
procedures were completed, 20 of those interaction u-terms 
had been eliminated. The loglinear models indicate that 
foraging site selection by Yellow-rumped Warblers and 
Western Tanagers was not influenced by the presence of other 
species. Thus, as the resource depression data suggest, 
there were no changes in foraging behavior by these two 
species.
The loglinear models selected to describe the relative 
height of Chipping Sparrow and Gray Jay foraging sites 
contained interaction u-terms which indicate that
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competition might be influencing their foraging behaviors.
I predicted that overlap in foraging site selection should 
decrease in mutually used trees, as compared to the trees 
used by a single species if competition was occurring. 
However, the changes in foraging site selection resulted in 
increased overlap in foraging site selection in mutually 
used trees. Thus, the changes in Chipping Sparrow foraging 
site selection related to the presence of Yellow-rumped 
Warblers, and the changes in Gray Jay foraging site 
selection related to the presence of Chipping Sparrows do 
not appear to be driven by competition.
MacArthur (1972) suggested that multiple weak 
competitive interactions between a given species and a group 
of competing species might provide a competitive effect 
similar to a single strong pairwise interspecific 
interaction. These multiple weak competitive interspecific 
interactions are known as diffuse competition (Moen 1989, 
Jades 1990). Diffuse competition does not appear to be 
acting like a single strong pairwise competitive interaction 
in this system as foraging site selection by the four focal 
species is independent of the presence of potential 
competitors. However, diffuse competition may be important 
in this system. The effect of multiple weak competitive 
interactions may be significant to the focal species, but 
there may be no single modification of foraging site
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selection that will reduce competition with all of a 
species' competitors. This study is unable to differentiate 
between this case, and the case where diffuse competition is 
unimportant.
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SUMMARY AND CONCLUSIONS
Foraging site selection was most influenced by tree 
species preferences, with three of the four focal species 
preferentially foraging in ponderosa pine. Tentatively the 
tree species selection is related to food abundance, because 
insect abundance as measured by unstandardized frass weights 
was highest in ponderosa pine, the tree species preferred by 
three of the four focal species. However, insect abundance 
as measured by standardized frass weight suggests that the 
birds were foraging in trees with the lowest per volume 
insect abundance. The lower insect abundances in the most 
frequently used tree may be due to resource depression 
occurring prior to frass sampling. Alternately, tree 
species selection may be related to other factors such as 
predator avoidance (Martin 1987), or suitability song posts 
for territorial displays. Foraging site selection was not 
dependent upon the presence of potential competitors.
The most parsimonious explanation for observed 
independence of foraging site selection and potential 
competitors would be a system with super-abundant food 
resources and no competition. These are conditions Wiens 
(1977, 1983, 1983b) has suggested exist in many communities.
62
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However, there are alternate explanations for these 
observations. Perhaps the simplest of the alternate 
explanations is a system where food is a limiting resource 
whose abundance is being equally depressed in all the trees 
on the study site. Because resources are depressed at 
similar rates in all trees, and my predictions of changes in 
behavior were dependent upon differential resource 
reduction; there would be no reason to expect changes in 
foraging site selection. These alternatives could only be 
eliminated by way of estimating fitness through nest 
monitoring, and either experimental removals or supplemental 
feeding of birds to see if food abundance influences 
fitness. The inability to distinguish between alternative 
hypotheses, especially in complex systems with many 
interacting species is a weakness common to all comparative 
studies.
Measuring the fitness effects of competition could also 
have clarified the perplexing observation that the birds 
were foraging in trees with the lowest insect abundance. If 
food abundance influences fitness, then there is reason to 
expect that the birds will forage in trees with the greatest 
food abundance. If food abundance does not influence 
fitness then we should look to the influence of other 
factors, such as predator avoidance, on foraging site 
selection.
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APPENDIX A
Loglinear analysis is a multivariate technique that 
expresses the natural logarithm of expected cell counts of 
categorical data as a linear combination of interactions and 
main effects using a model similar to analysis of variance 
models (Fienberg 1985). The natural logarithm of the 
expected count of cell (i,j), in a two-way contingency table 
is
ln<ê )̂ = u + d>
The u-terms in the model are sets of parameters. For each 
cell in the loglinear model there is a combination of 
parameters, one from each u-term's set of parameters which, 
when summed, generate the natural logarithm of the expected 
cell count. These u-terms are constrained such that the sum 
of the terms for each effect in the model is zero.
Using equation (1) and the data from Table 16, the 
natural logarithm of the expected count for cell (1,1) is
ln(e,,) = u + + u^a) + ^izai) 2̂)
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Table 16. Cell counts, with the natural log of the counts in 
parenthesis, and parameter estimates for the example loglinear model.
variable 1
variable 2 level 1 level 2 total
10(2.3026) 20(2.9957) 30
level 1
Mxacxx) = -0.2118 = 0.2118 2̂(1) - 0.0436
14(2.6391) 12(2.4849) 24
level 2
Üi2(i2, = 0.2118 Ei2(22) = -0.2118 Ü2Ü1 = -0.0436
24 32 56
total
Hi(i) = -0.1347 Mim = 0-1^47 u =
2 .6055
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and with the parameter values substituted for the u-terms
In(lO) = 2.6055 - 0.1347 + 0.0436 - 0.2118 2.3026 = 2.3026
For each of the remaining three cells there is another 
combination of parameters, which generates the natural 
logarithm of its expected cell count.
The term u, the grand mean of the sum of the natural 
logarithms of the expected counts, has one parameter that 
appears in the all calculations of expected cell values.
The term u plays no role in interpretation of the loglinear 
model.
The terms u,,,, and u,,.. are the main effects for— iiii — 2111
variables 1 and 2. The main effects terms account for 
differences between the marginal means of the expected 
counts and the grand mean of the expected counts. The 
marginal mean for variable 1 at level 1 is 2.4708, which is 
less than the grand mean of 2.6055. The term value
of -0.1347 indicates that the mean of the cell counts at 
level 1 of variable 1 is less than the grand mean of the
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ceil counts, likewise the value of û ^̂  ̂ indicates that the 
mean of the cell counts at level 2 of variable 1 is greater 
than the grand mean of the expected counts. If the main 
effects u-terms are non-zero, they indicate that the data 
are not equally distributed among the various categories of 
the variables.
The term Bi2u^ is the interaction term for variables 1 
and 2. The interaction u-term, is of the greatest
interest for model interpretation, because it describes the 
underlying structure of the data. The two variables 
described by the u-term are independent if the parameters 
are equal to zero. If the parameters are non-zero the 
variables are dependent, and the relation between the two 
variables is described by the parameters. In the previous 
example, u^2(ii) “ -0.2118, which indicates that the observed 
count in cell (1,1) is less than would be expected if the 
two variables were independent. The value of Ui2(i2) (0.2118) 
indicates that the observed count in cell (1,2) is greater 
than would be expected if the two variables were 
independent. The interpretation of the two remaining u- 
terms is similar.
Loglinear analysis can also be applied to multi-way 
tables, the major difference between the example 2-way table 
and multi-way tables is the number and order of the
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interaction u-terms. In a 2-way table there is just one 2- 
way interaction u-term, but in a 3-way table there are three 
interaction u-terms and one 3-way interaction u-term. 
Similarly, in contingency tables with more than three 
variables the number and order of the interaction u-terms 
increases. The interpretation of parameters is similar for 
higher level u-terms. If there are non-zero 3-way u-terms 
in a loglinear model, they indicate that the relationship 
between any two of the three variables is dependent upon the 
level of the third variable. The interpretation of 4-way or 
greater u-terms is difficult at best, and will not be dealt 
with here.
A loglinear model that includes all u-terms is called a 
full or saturated loglinear model. The expected cell counts 
in a full loglinear model equal the observed cell counts, 
because the model contains the entire compliment of u-terms. 
A reduced or unsaturated loglinear model does not include 
the full compliment of u-terms, and so the expected cell 
counts, in general, do not equal the observed cell counts. 
Reduced models, however, are informative, because by 
selectively removing u-terms that do not significantly alter 
the reduced model's ability to predict the observed cell 
counts, a smaller group of u-terms that adequately describe 
the observed cell counts can be identified. Removing a u- 
term from a loglinear model implies that the variables
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described by that u-term are independent, and is equivalent 
to testing if the parameters for that u-term are zero.
Reduced loglinear models are generated by a process 
called backward elimination. Backwards elimination is a 
stepwise procedure that examines the u-terms in a loglinear 
model, and eliminates the u-term whose removal least alters 
the fit of the model. The process is repeated until no u- 
terms can be eliminated from the loglinear model without 
significantly altering the fit of the model. Variables 
which are dependent upon one another are identified by the 
u-terms remaining in the final loglinear model, and the 
relationships between those variables can be explored by 
examining the parameters associated with those u-terms.
Constraints on the average cell size in the loglinear 
models dictated that only the foraging data from a limited 
number of the most abundant species could be examined for 
changes in foraging behavior in response to potential 
competitors. In the loglinear analyses the average cell 
size should be at least four to five. When the average cell 
count falls below four, the reliability of the likelihood 
ratio statistic (G^) used in the loglinear analyses is 
questionable (Fienberg 1985, Freeman 1987).
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